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EXECUTIVE SUMMARY 


This report documents a survey of U.S. and international regulatory bodies, government 
agencies, and commercial and military sources for existing and developing codes and standards 
applicable to marine fuel cell power plants. The survey is part of the joint U.S. Navy/U.S. Coast 
Guard program to develop fuel cells for marine propulsion and electrical power generation 
applications. While the use of fuel cells is becoming more widespread in land-based 
applications, marine fuel cells are currently developmental. This codes and standards survey is 
an essential step leading toward commercial F/C power plants for marine applications. 


The report identifies numerous land-based standards which were reviewed and 
summarized, including American National Standards Institute standard ANSI Z21.83, “Fuel Cell 
Power Plants,” and National Fire Protection Association standard NFPA 853, “Standard for the 
Installation of Stationary Fuel Cell Power Plants.” Second tier standards referenced by the fuel 
cell standards and other standards addressing balance of plant (BOP) systems and components 
were identified, reviewed, and summarized. In a similar manner, numerous marine standards 
were reviewed to identify standards specific to fuel cells and requirements concerning BOP and 
associated ship systems and components. The report identifies the marine standards that contain 
requirements potentially applicable to fuel cells. Ship classification societies were contacted to 
determine their efforts to develop marine fuel cell standards and the report identifies these 
efforts. 


From this survey, it is concluded that existing standards or codes specifically addressing 
design and installation requirements for marine-based fuel cells do not exist at this time. While 
significant efforts have been undertaken in recent years to develop land-based standards, the 
application of these standards for marine fuel cells does not generally address the dynamic 
aspects and complexities inherent in modern ship design and operation. However, the existing 
land-based fuel cell standards and applicable marine standards for BOP and associated ship 
systems and components could form the basis for a unified standard for marine fuel cells. The 
report appendices identify and include excerpts of these standards. 


The report outlines an approach to develop a unified standard governing marine fuel cells. 
A partnership between fuel cell manufacturers, shipbuilders, government regulatory bodies, and 
ship classification societies is recommended to facilitate integration of requirements unique to 
fuel cells with requirements specific to machinery systems operating in the marine environment. 
The unified standard would, as a minimum, address fuel cell design and manufacture, 
installation, training, safety, and plant performance evaluation. 
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1.0 INTRODUCTION 


This report documents a survey of U.S. and international regulatory bodies, government 
agencies, and commercial and military sources for existing and developing codes and standards 
applicable to land-based and marine-based fuel cell power plants, including balance of plant 
(BOP) subsystems. As current codes and standards specifically tailored for marine-based fuel 
cell plants are extremely limited, the larger body of existing naval and commercial regulatory 
body documentation concerning marine components and subsystems employed in traditional 
marine machinery plants is also surveyed for potential application to marine fuel cells. However, 
as some BOP components and system characteristics are unique to fuel cells, the potential 
application of traditional marine machinery requirements may not fully address all aspects and 
issues related to installation of fuel cells aboard ships. Consequently, the report identifies these 
areas that will require further focus in future efforts to develop standards for marine-based fuel 
cells. The survey of requirements and the recommended approach outlined herein together lay 
the groundwork for future efforts to develop a unified standard governing marine fuel cells. 


2.0 BACKGROUND AND APPROACH 


Relative to conventional power systems, fuel cells offer potential for reduced fuel 
consumption, fewer harmful emissions, and the use of alternative fuels. Other advantages 
include distributed, redundant architectures, and reduced thermal and acoustic signatures. This 
technology is currently being developed by the U.S. Navy and U.S. Coast Guard for use in 
marine powering and electrical generation applications. 


The current marine fuel cell under development by the U.S. Navy and U.S. Coast Guard 
generates electrical power suitable for use in shipboard propulsion systems and ship service 
electrical power distribution systems. This plant operates on marine Navy logistics diesel fuel 
(NATO F-76), and consists of the fuel cell stack and BOP. The BOP generally includes a fuel 
pre-processing (desulfurization) system to lower the fuel sulfur content to allowable limits for 
fuel cell plant operation because desulfurized fuel is not readily available. While the NATO F- 
76 specification allows a maximum of 1.0 percent sulfur content by weight, fuel cells require 
fuel virtually free of sulfur (content on the order of 0.1 to 1 ppm). The U.S. Navy/U.S. Coast 
Guard fuel cell plant utilizes an onboard desulfurization system to pre-process the fuel. 
Therefore, other subsystems included in the BOP are a reformer system to convert the diesel fuel 
into gaseous constituents suitable for use by the fuel cell; steam and condensate systems; heat 
exchangers; an air handling system, and a power conversion system which converts direct 
current (DC) power produced by the fuel cell into alternating current (AC) for ship service 
distribution. A simplified schematic of the fuel cell stack and BOP for the molten carbonate type 
fuel cell (MCFC) power plant currently under development by Fuel Cell Energy Corporation 
(FCE) for the U.S. Navy is shown in Figure 1. Other fluid, control, and electrical subsystems are 
required on the vessel to support the fuel cell plant installation, though these systems may be 
supplied by the shipbuilder and would not necessarily be provided with the fuel cell package by 
its manufacturer. These include support systems normally associated with traditional marine 
diesel generator plants, including fuel service, freshwater and/or seawater cooling, ventilation, 
firefighting, electrical power, and controls. In addition, a fuel cell inerting system, typically a 
nitrogen producing or storage system, is required onboard to inert the fuel cell when the system 
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is secured. Depending on the design of the fuel cell plant, these systems may be packaged with 
the BOP. The FCE fuel cell includes firefighting, controls, and nitrogen inerting systems, which 
are integrated into the fuel cell module with storage/supply from the vessel’s auxiliary systems. 


900 kW DFC POWER PLANT SYSTEM 


FUEL 
(FROM DESULFURIZER) 


EXHAUST 


START 
RECYCLE 
AIR 


SD1468A 
Figure 1. Simplified Schematic of MCFC Fuel Cell. 


The application of fuel cells in the marine environment is largely developmental compared 
to conventional electrical power generating systems, and land-based fuel cells. Consequently, 
there are few existing regulations or standards which specifically govern the design, 
construction, and operation of these plants for marine applications. However, current land-based 
standards governing the design, construction, installation, and operation of fuel cells associated 
with stationary electric power plants and mobile power sources used for transportation may be 
suitable for adaptation to the marine environment. In addition, many marine-based standards do 
exist for BOP components and interfacing ship subsystems, and hence many existing regulations 
intended for traditional marine machinery plants may potentially be applied to marine fuel cells 
and its BOP. 


In order to support shipboard implementation of this technology in a safe and reliable 
manner, a survey of existing regulations and standards specifically governing fuel cells, both 
land-based and marine-based, was performed. This survey included related requirements for 
traditional plant components and systems which might be potentially applicable to fuel cells 
plants. In addition, ongoing and future efforts by regulatory bodies, standards organizations, and 
classification societies to develop fuel cell standards and requirements are identified. From this 
effort, the need for development of a unified code is assessed and a recommended approach for — 
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developing such a code is outlined for future use. In support of these efforts, the following 
general approach was employed in conducting the survey. 


¢« Numerous individuals and organizations were contacted to determine the major contributors 
to codes and standards development and the status of standards under their cognizance 
related to fuel cells and BOP. These included classification societies, standards 
organizations, government agencies, the Society of Naval Architects and Marine Engineers 
(SNAMEB), U.S. Coast Guard, U.S. Navy, and others. 


« A literature search was conducted identifying codes and standards from both domestic and 
international agencies that are directly or may be indirectly applicable to land-based and 
marine-based fuel cell power plants. The literature search included the applicable documents 
listed in the Statement of Work (SOW), as well numerous second tier references and industry 
articles. References [1] through [30] constitute the primary references used in the survey. 
Additionally, second tier references invoked by the primary references are identified for 
future use, but were not reviewed in detail. 


« For each primary reference, excerpts summarizing the requirements that are directly 
applicable or may be potentially applicable to land-based and marine-based fuel cells were 
developed for inclusion in the standards matrices. The land-based and marine-based 
standards matrices are presented in Appendix A and B, respectively. The land-based matrix 
is arranged by standard, and the marine-based matrix is arranged in ship work breakdown 
structure (SWBS) format. 


- Although not standards per se, References [2] and [6] were reviewed to ascertain efforts 
conducted to date in applying existing standards to marine fuel cell installations. Brief 
summaries of References [2] and [6] were developed and are provided as Appendices C and 
D, respectively. 


- Ship classification societies were contacted to provide the status of their efforts to develop 
fuel cell requirements and to summarize the content of these requirements. Appendix E 
gives contact information and provides the results of this survey for each of the classification 
societies. | 


¢ A list of all primary and second tier references identified as part of the literature search, with 
related points of contact, addresses, web sites, and purchasing information, was developed 
and is included in Appendix F. 


¢ Technical and operational areas and issues unique to fuel cells that may not adequately be 
addressed by existing standards or the potential application of standards used for traditional 
marine machinery plants are identified. 


« Based on the results of the survey, the need for a unified marine fuel cell standard was 
assessed, and a recommended approach was developed to facilitate development of unified 
U.S. and international standards governing marine fuel cells. 
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3.0 DISCUSSION OF FINDINGS 
Summary of Land-Based Fuel Cell Standards — In general, fuel cell standards for land-based 


applications exist and are in a more advanced stage of development than fuel cell standards for 
marine-based applications. This can be attributed to the growing popularity of fuel cells in 
industrial, office, and health facilities as standby sources of emergency electrical power. The 
publications of numerous standards agencies and associations were surveyed, including 
American National Standards Institute (ANSI), American Society of Mechanical Engineers 
(ASME), Institute of Electrical and Electronic Engineers (IEEE), International Standardization 
Organization (ISO), National Fire Protection Association (NFPA), and Underwriters 
Laboratories (UL). A summary of the primary references applicable to land-based fuel cells and 
other related standards is presented in Appendix A. | 


One of the primary land-based fuel cell standards identified in the survey is ANSI Z21.83, “Fuel 
Cell Power Plants,’ Reference [4]. This publication provides a basic standard for the 
construction, safe operation, and acceptable performance of fuel cell power plants (either 
packaged, self-contained, or factory matched packages of integrated systems) producing power 
up to 1000 kW at up to 600 V and operating on gaseous hydrocarbon fuel. Part I of the standard 
addresses the construction of the power plant subsystems and includes requirements for the 
following: 

e materials 

e general construction and assembly 

e enclosures and associated construction 

e heaters and vessels 

e piping (general, steam, vapor or liquid, and fuel gas) systems 

e drain, venting and ventilation exhaust systems 

e automatic ignition systems and gas-air control 

e flame safeguards 

e fuel gas controls and equipment 


e air/fluid-handling equipment (valves and process controls) 


e air/fluid-moving equipment, including pumps, fans, and blowers, and associated 
motors 


e electrical equipment and wiring 

e protection of service personnel 

e electrical equipment safety circuit analysis 

e installation instructions and maintenance manuals 


e equipment marking 
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Part Il of ANSI Z21.83 provides performance requirements and test methods for plants using 
natural gas or (LPG) and addresses the following: 


e noise limits 

e test gases and pressures 

e basic test arrangements 

e ultimate strength 

e allowable leakage 

e protection parameters (control limits) 
e emission of effluents (CO) 

e burner operating characteristics 

e automatic ignition systems 

e exhaust gas temperature 

e surface and component temperatures 
e electrical tests 

e rain and wind tests (for outdoor plants) 


e adhesion and legibility of marking materials. 


The ANSI Z21.83 standard includes Exhibit A, titled “Electrical Equipment and Wiring,” and 
Exhibit B, titled “List of Reference Standards,” which references other ANSI, American Society 
of Civil Engineers (ASCE), ASME, ASTM, IEEE, ISO, American Society for Testing and 
Materials (ASTM), National Electrical Manufacturers Association (NEMA), NFPA, and UL 
standards. Part II of the standard outlines a quality assurance plan which guarantees uniform 
plant testing and verification. Part IV provides definitions used in the standard. 


The second standard that specifically addresses land-based fuel cells is NFPA 853, “Standard for 
the Installation of Stationary Fuel Cell Power Plants,” Reference [16]. This standard gives 
requirements applicable to the design, construction, and installation of stationary fuel cell power 
plants with a gross electrical generation that exceeds 50 kW including: (1) a singular 
prepackaged, self-contained power plant unit; (2) any combination of prepackaged, self- 
contained power plant units; (3) power plant units comprised of two or more factory matched 
modular components intended to be assembled in the field; and (4) engineered and field- 
constructed power plants that employ fuel cells. This standard does not apply to fuel cell power 
plants that are used on any mobile structure or vehicle, except to the degree that the structure or 
vehicle is made stationary. Chapter 2 of NFPA 853 provides a description of various 
configurations of fuel cells, to which various criteria are applied. These configurations include 
prepackaged self-contained, pre-engineered, and engineered and field-constructed fuel cell 
power plants. Chapter 3 provides criteria related to the siting of fuel cells in all locations as well 
as specific indoor, outdoor, and rooftop installations and interconnections with other building 
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systems. Chapter 4 covers fuel supplies and storage arrangements. Fuels addressed include 
natural gas, CNG, LPG, liquid and gaseous hydrogen, biogas, and liquid fuels. Chapter 5 
addresses ventilation, exhaust, makeup air, and process purging and venting requirements for the 
plant installation. Chapter 6 covers fire protection and detection requirements for the site, 
mechanical and electrical equipment, and controls. Chapter 7 lists other referenced publications 
including other NFPA, ANSI, ASME, and ASTM publications and standards. 


The land-based standards primarily address general requirements, materials of construction, BOP 
components, performance requirements, test methods and documentation for fuel cells, and are 
generally comprehensive with regard to treatment of systems unique to fuel cells. These 
standards include numerous second tier references to other ANSI, NFPA, and UL standards. 
Collectively, these standards address fuel cell design, construction and testing; electrical and 
BOP systems; fire protection, detection, and suppression; and construction of gaseous and liquid 
hydrogen handling systems. A listing of these primary and second tier references is provided in 
Appendix F. | 


While a myriad of standards related to fuel cells, electrical interfaces, and BOP exist, there is 
currently no concise approach to enable fuel cell manufacturers to ensure system compliance 
with regulations. Manufacturers must apply overlapping regulations (many under development) 
which address various levels of design detail and fall under various regulatory jurisdictions. In 
response to manufacturer concerns, the Department of Energy (DOE) has sponsored various Fuel 
Cell Summit conferences to foster cooperation between industry and government regulatory 
agencies, to unify standards development by the various agencies, to eliminate duplication of 
effort, and to facilitate industry compliance with standards for particular fuel cell installations. 
The stated goal of the Summits is “To develop an institutional, regulatory, and technical 
environment that supports the commercialization and deployment of fuel cell power-generation 
technologies for stationary, portable, and vehicular applications.” References [20] through [25] 
present background information on this effort. 


Summary of Marine Fuel Cell Standards — Based on feedback received from the various 


classification societies, as well as the literature search, there are currently no standards or codes 
specifically addressing design and installation requirements for marine fuel cells. Of the 
classification societies that responded to this survey, Germanischer Lloyd (GL) is in the forefront 
due to its participation in the ongoing German Navy submarine fuel cell program, and in several 
other naval and commercial efforts. This includes a recently awarded Greek Navy proton 
exchange membrane (PEM) fuel cell project, and work involving hydrogen generation and 
handling systems. GL plans to publish guidelines related to marine fuel cells in the latter half of 
2001. : 


In general, existing standards related to traditional machinery plants need to be applied 
selectively for fuel cells, BOP components, and ship services to ensure fuel cells conform to 
established norms related to vessel safety and machinery plant reliability. To this end, an 
extensive review of existing naval and commercial marine standards used for traditional 
propulsion and electric power plants, which may potentially be applied to marine fuel cells and 
their installations aboard ship, was conducted and is presented in Appendix B. These standards 
and requirements are categorized into the general technical areas and topics listed in Table 1. 
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Table 1. Summary of SWBS Categories and Topics. 
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It should be noted that an extensive treatment of piping systems and pressure vessel requirements 
exist in current naval and commercial standards. Appendix B focuses primarily on the latter 
standards given the relative large market for fuel cells in commercial marine applications. While 
top level summaries of naval standards related to piping systems and pressure vessels have been 
included in Appendix B, it is suggested that Section 505 of Reference [5] and MIL-STD-777 be 
consulted should more detailed analysis of naval requirements be required. 


Review of Other Literature - In addition to the review of literature related to standards, a variety 
of fuel cell articles and papers were reviewed to assess the status of industry efforts in 
implementing fuel cell technology. These articles are presented in References [19] through [30]. 
Most notably “An Evaluation of Fuel Cells for Commercial Ship Applications,” presented in 
Reference [2] and reviewed in Appendix C, assesses the use of fuel cell technology in the 
commercial marine industry and evaluates several types of fuel cells for particular applications 
using a set of criteria. This reference provides guidance best used for fuel cell machinery plant 
feasibility design studies for either a new building or conversion project. However, it does not 
address standards that may be used for shipboard installation of fuel cells. 


“Integration of Hydrogen Technology into Maritime Applications,” presented in Reference [6] 
and reviewed in Appendix D, studies world emission requirements, identifies the impacts of a 
fuel cell plant retrofitted into an existing vessel, and provides a fuel cell installation specification 
tailored for the vessel. This reference may be very useful in future efforts, as it gives insight into 
the current and future applications of fuel cells, and identifies factors that need to be considered 
when ships undergo conversion from internal combustion engines to fuel cell plants. 
Additionally, Reference [6] may be used to develop a checklist of the technical areas to be 
considered in the subsequent development of a body of applicable codes and standards. 


Technical and Operational Areas and Issues Related to Fuel Cells — Currently there exist 


technical and operational areas and issues unique to fuel cells that may not be fully addressed 
through application of existing marine standards related to traditional machinery plants. These 
include: 


e Personnel training — Current training regimes focus primarily on diesel, gas turbine, and 
steam turbine prime movers. These regimes will need to be expanded to address fuel cell 
Operations, maintenance and subsequent disposal. Moreover, as use of fuel cells becomes 
more prevalent, the need for minimum certification and licensing requirements for operators 
and maintenance personnel must be evaluated. 


e Termination of vents and relief valves handling gaseous fuels — As gaseous fuels pose a more 
significant risk to vessel safety than marine distillate and residual fuels, the termination of 
vents and relief valves serving gaseous fuel systems must be considered carefully so as to 
prevent fire hazards and gases from being ingested internally through ventilation openings. 


e Handling and storage of gaseous fuels — The storage of high pressure gases and liquified 
gases at very low temperatures requires close attention to the design and selection of tanks, 
thermal insulation systems, refrigeration plants, piping systems, and fire protection. 
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e Disposal of residual sulfur from desulfurizing equipment — The shipboard storage, handling, 
and transfer of residual sulfur from desulfurizing equipment will require specific attention to 
materials selection and arrangements to minimize potential hazards to personnel, vessel 
safety, and the environment. The need for shipboard sulfur storage and transfer facilities 
may be avoided by the design of the desulfurization system itself. For example, the present 
Navy design is based on regenerative desulfurization beds and requires no onboard sulfur 
storage. 


e Flame safeguards and fuel gas controls — Similar to oil-fired boilers, fuel cell automation and 
safety systems must address features necessary to ensure fail-safe operation. Moreover, as 
most modern vessels are certified for periodically unattended machinery space operation, the 
level of automation and diagnostics employed for fuels cells must be commensurate with the 
reduced manning levels employed on most modern commercial vessels. 


e Purging and venting requirements — Additional shipboard systems for inerting double-walled, 
gaseous fuel piping systems and for purging fuel cell stacks will be required. The safe 
storage and installation of bottled gases or inert gas plants, and related piping systems will 
need to be addressed. 


In the case of land-based standards, some of the above issues are addressed, however, these 
standards do not generally address the dynamic aspects and complexities inherent in modern ship 
design as discussed below. These preliminary areas of focus may be further expanded pending 
review of the failure modes and effect analysis and the system safety analysis being performed 
for the U.S. Navy fuel cell program, once available. 


Rationale and Procedure for Developing a Unified Standard — From the survey results, it is 


apparent that fuel cell standards specifically tailored towards marine applications do not 
currently exist. Current land-based fuel cell standards do not address special design 
considerations for operation in the marine environment, including: 


e Ambient air and seawater conditions — Land-based fuel cell power plants are not designed to 
operate in the extreme ambient conditions of air and cooling water (seawater) temperature 
and humidity levels which may be experienced in various ship operating environments that 
marine diesel and gas turbines are designed to operate in. 


e Ship motion in a seaway — Land-based systems, and particularly their internal fluid systems, 
are not designed to allow for inclinations resulting from repetitive ship motions typically 
experienced in a seaway. Consideration must be given to design and arrangement of 
equipment mounts, foundations and fluid systems to account for the resulting extreme 
inclinations due to ship motion and resulting dynamic effects. 


e Material corrosion — The corrosive marine environment will have an impact on material 
selection for fuel cell design components which is not typically a major consideration for 
land-based plants. 


e Operational availability and operability in damaged conditions — Survivability issues for 
naval machinery plants, and to a growing degree commercial marine plants, necessitates the © 
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consideration of machinery redundancy, and system segregation and isolation for marine fuel 
cell power plants in order to achieve much higher levels of availability and operability than is 
required for land-based plants. 


In addition, land-based standards do not take into account typical shipbuilding practices, either 
naval or commercial marine, for system and component design, construction, and installation. 
These facilitate system integration and enhance producability and cost efficiency. Moreover, the 
simple application of standards used for more traditional machinery plants does not address 
certain unique technical and operational aspects of fuel cells that may pose potential hazards to 
vessels and personnel as discussed previously. While some classification societies are working 
to develop a comprehensive marine fuel cell standard, such efforts are extremely limited at this 
time. Consequently, the implementation of this new technology in a safe and reliable manner 
can best be achieved through development of a unified U.S. and international standard. 


To forge the results of this survey into a concise, comprehensive standard for marine fuel cell 
power plants, it is proposed that the development process include the following steps: 


1. Identification of the end product and user — A basic issue which will shape this future 
standard is whether the end product is to be a universal marine fuel cell standard or a 
standard tailored for a specific Navy or U.S. Coast Guard plant being developed for a 
particular application. This determination dictates the tailoring of the standard from the 
more general and addresses specific plant configurations and operating characteristics 
unique for the end product. An example of this is the choice or limitations in the fuels 
to be included in the standard. The fuel specification is a major driver in the 
consideration of piping, tankage, venting, and process control design standards to be 
implemented, as well as the inclusion of requirements for fuel desulfurization. Another 
consideration in addressing the requirements of the end user is whether standards shall 
be detailed or performance based, and whether standard naval and/or commercial 
marine shipbuilding practices are to be included in the standard. 


2. Scope of the fuel cell standard - Once the end users of the fuel cell standard have been 
identified, a determination must be made as to the scope of the standard. Tailoring the 
standard to include the topics of greatest benefit, whether contained in one complete 
document or separate standards, would include the following: 


e A standard directed to the fuel cell manufacturer (which may have similarity to an 
equipment or system procurement specification) 


e An installation standard for the shipyard/installer to provide an interface between 
the fuel cell package and shipboard systems 


e A standard containing minimum documentation and training requirements for 
operators and maintenance personnel 


e A standard for fuel cell performance evaluation during factory testing and sea 
trials 


e A regulatory body standard by which to formally certify the fuel cell power plant. 
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The development of the manufacturer and installer standards outlined above cannot be 
made without the active participation of industry and the key organizations identified in 
this study. It is expected that during this phase of the development process, one or 
several of the fuel cell manufacturers and agencies such as ANSI, ASTM, NFPA, and 
UL would be included to assist in development of the standard in their areas of 
expertise and to guide the proposed standard through the agency’s approval process. 
Likewise, with the development of operational, training, and regulatory body 
requirements, it is expected that the development process would include both the U.S. 
Coast Guard and a ship classification society, such as ABS. The teaming of fuel cell 
manufacturer(s) and other third party agencies will benefit the development effort by 
ensuring that all safety, technical, economic and other considerations will be included, 
resulting in an impartial, widely accepted standard. This effort is similar to that being 
used for land-based fuel cell standards development. 


3. Standard development — Once determination of the end product/user and scope of the 
standard has been made, the actual details of the standard may be developed. The land- 
based and marine fuel cell codes and standards investigated in this survey, along with 
others that may be needed, will form the basis for the development of a concise, 
comprehensive set of requirements. It is expected that the partnership of the fuel cell 
manufacturers, government agencies, and classification societies will continue this 
phase of development, ultimately leading to the approval of marine-based fuel cell 
standards by a standards organization, and requirements for shipboard installation by 
classification societies. 


4. International standard adoption — Once the marine fuel cell standard is fully developed, 
the final stage of standard implementation would be adoption of the standard by the 
International Standards Organization (ISO) and/or International Maritime Organization 
(IMO), which will lead to formal acceptance of the standard by the international 
community. 


4.0 CONCLUSIONS AND RECOMMENDATIONS 


A survey of U.S. and international regulatory bodies, government agencies, and 
commercial and military sources for existing and developing codes and standards applicable to 
land-based and marine-based fuel cell power plants, including BOP subsystems, has been 
performed. From this survey, it is concluded that existing standards or codes specifically 
addressing design and installation requirements for marine-based fuel cells do not exist at this 
time. While significant efforts have been undertaken in recent years to develop land-based 
standards, the application of these standards for marine fuel cells do not generally address: the 
dynamic aspects and complexities inherent in modern ship design. 


The implementation of fuel cell technology aboard ship in a safe and reliable manner can 
best be achieved through development of a unified U.S. and international standard. The report 
identifies an approach to facilitate the development of a unified standard in partnership with fuel 
cell manufacturers, shipbuilders, standards organizations, government regulatory bodies and 
classification societies, ultimately leading to the adoption of this standard by international 
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organizations. The results of this survey of land-based fuel cell requirements, and marine codes 
and standards addressing the fuel cell BOP, and shipboard interfacing systems will support the 
future development of a unified standard for marine fuel cells. 
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APPENDIX A: Summary of Codes and Standards for Fuel Cells, Land-Based 
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APPENDIX C: Review of “An Evaluation of Fuel Cells for Commercial Ship 
Applications” (Ref. 2) 


This paper, published by The Society of Naval Architects and Marine Engineers as 
Technical & Research Report R-55, evaluates the potential of current fuel cell technology to be 
used on board commercial ships to generate electricity for hotel and/or propulsion loads. A 
discussion of the chemistry, thermodynamics, and operating parameters of fuel cells is presented 
and followed by a detailed synopsis of the particulars of each of the four types of fuel cells most 
likely to be used on board ships, namely, phosphoric-acid fuel cells, molten-carbonate fuel cells, 
solid-oxide fuel cells, and polymer-electrolyte fuel cells. Each synopsis includes background 
information, special features, statistics, hypothetical shipboard installations, and a list of 
companies that manufacture that particular type of fuel cell. 


Each fuel cell alternative is then evaluated for possible shipboard application taking into 
consideration major auxiliary equipment, elimination of unnecessary equipment, load 
distribution, consolidation vs. modularity of Balance of Plant, start-up and shut-down, and 
dynamic load effects. The paper also discusses the selection of fuel cell types based on capital 
cost, efficiency, size, weight, fuel choices, and technological maturity (reliability) as well as 
potential commercial applications. 
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APPENDIX D: Review of “Integration of Hydrogen Technology into Maritime 
Applications” (Ref. 6) 


This document, prepared under the Department of Energy (DOE) Contract No. DE-FGO1- 
99EE35102, gives an overview of current global and U.S. energy consumption and 
environmental considerations. Jt emphasizes the need for alternative fuels and propulsion 
technologies on a grand scale to remedy this excessive energy consumption and CO? emissions. 
DOE has funded this report as an effort to study the potential use of hydrogen technology for 
power generation aboard vessels operating in U.S. waters. The primary focus of the report is the 
reduction of engine emissions from the vessel power plants. 


Using various studies performed by DOE and the Environmental Protection Agency (EPA), 
and feasibility studies performed using the U.S. Coast Guard Cutter VINDICATOR and the T/V 
KINGS POINTER, this report establishes the numerous advantages of using fuel cells over 
traditional power plants. These advantages stem from not only fuel and emission reduction, but 
also the reduction of noise, infrared signature, cost, manning, plant weight, and maintenance. 


Sections 1 through 6 mainly address the need for alternative fuel technologies and review 
the theories behind them. However, it is Sections 7 through 11 that are the most relevant to this 
task. Section 7, entitled ““Vessel Design and Construction Certification Issues and Global and 
US Maritime Industry Requirements,” states the need for an investigation of the unique 
shipboard environment as well as safety and risk assessment for the new technology of fuel cells 
and hydrogen as a fuel in ships. This section discusses the development of safety standards and 
requirements for the integration of hydrogen fuel cell power plants on ships and offshore marine 
facilities. Section 8 addresses risk mitigation, risk management, and the risk management 
planning requirements associated with fuel cells and the viability of hydrogen as a marine fuel 
followed by a general overview of financial and cost considerations given in Section 9. Current 
development of new technologies is discussed in Section 10, with a brief conclusion and 
subsequent recommendations in Section 11. 


Perhaps the most relevant part of the report to this task is Appendix 1. Appendix 1 is a two- 
part specification that provides system requirements and design specifications for a generic 
maritime hydrogen fuel cell laboratory. Part 1 addresses example user requirement 
specifications including system/item definition, characteristics, design and construction, 
documentation, logistics, personnel, training, etc. Part 2 provides an example of design 
specifications including external interfaces, performance, reliability, maintainability, 
environmental conditions, transportability, design and construction, and documentation. 


Appendix 2 includes the Fuel Cell Systems Integration Research Project for the T/V 
KINGS POINTER. The specifications provided within describe the requirements for installation 
of a 200 kW, compressed natural gas fed, phosphoric acid fuel cell power plant on board the 
vessel aS an alternative fuel demonstration project. The specifications address general 
requirements, hull structure requirements, insulation and linings, surface preparation and 
painting, fuel system requirements for compressed and liquefied natural gas, sea water systems, 
fresh water systems, fuel process air systems, nitrogen systems, general requirements for piping 
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systems, insulation-lagging for piping and machinery, control systems, fuel cell power plants, 
and electrical systems. 
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APPENDIX E: Survey of Ship Classification Society Fuel Cell Requirements 


Mr. Richard Delpizzo No response to survey. 


Mr. Thomas Ingram 

Guidelines will concern 
handling of gaseous fuels 
onboard ships, with special 
focus on fuel cell applications. 


American Bureau of Shipping (ABS) 
url: http://www.eagle.org/ 


No response to survey. 


Mr. Joseph Benoit 
Regional Representative 
Tel : 716-505-3300 
Fax : 716-505-3301 


email: joseph.benoit @bureauveritas.com 


Bureau Veritas (BV) 
100 Northpointe Parkway 
Buffalo, New York 14228 


url: http://www.bureauveritas.com/ 


GL will publish fuel cell 
guidelines during second 
half of 2001. 


Dr.-Ing. Gerd Wuersig 
Mechanical Engineering Department 
Tel: 49-40-36149-621 
Fax: 49-40-36149-200 


Email: wue @ germanlloyd.org 


Steve Gumpel 
Area Manager U.S.A. 
Tel: 914-366-6606 
Fax: 914-366-0426 


email: glnye @inetmail.att.net 


Germanischer Lloyd (GL) 
url: http://www.germanlloyd.org 


Mr. Dominick Cantoe 
DNV Certification, Jersey 
email: Dominick.Cantoe @dnv.com 


No response to survey. 


Det Norske Veritas (DNV) 
url: http://www.dnv.com/ 


Mr. Jack Polderman 
Senior VP, Marine Business 


Email: jack.polderman @Ir.org 


Lloyd’s Register 
url: http://www.lr.org/ 


Mr. Daisuke Kitamuki 
Machinery Dept. 

Tel: 81-3-5226-2022 
Fax: 81-3-5226-2024 


Email: kitamuki @classnk.or.jp 
Nippon Kaiji Kyokai (ClassNK) 


4-7, Kioi-cho, Chiyoda-ku, 
Tokyo 102, Japan 


Url: http://www.classnk.or.jp/ 
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No response to survey. 


Currently studying fuel 
cells. No current fuel cell 
regulations or plans to 


develop any. 
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APPENDIX F: Reference Catalog of Codes and Standards 
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